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The oxidation of formamide, dimethylformamide acetamide, and propionamide by peroxy-
disulphate in the presence of Ag(I) shows first order dependance on [8.02/8] and [Ag(I)], and zero
order dependance on [amide]. The specific rate constant (k) is. governed by the following
expressions depending on the amide used:
k = 1'3 X 10-3 + 2'44 X 10-1 [HCON(CH3)]2Q;
k = 1'5 X 10-' x [propionamide]0
0'06 + [proplonamlde'[j;
k = 1'0 X 10-3 + 2·33 X 10-11 [HCONH2]o; and
k = 11'67 x 10-. x [acetamide]
0'18 + [acetarmde],
It is suggested that these substrates undergo hydrolytiC cleavage to the corresponding
acids which are then oxidized by the radicals generated in the reaction medium. The forma .•.
tion of nitrogen as the oxidation product of ammonia has also been observed.
O.XIDATION kinetics of amides by S20~- ionhas not received much attention. Onlyrecently a preliminary work on the oxidation
of acetamide and formamide has been reported by
Mushran and coworkers+", but neither the mode of
attack of the oxidant on the amides nor the
different stages involved in the process were eluci-
dated. Whitfield and coworkerss-s have studied
the decomposition of aq. S20~- in the presence of
selected amides and N-acetylamino acids in order
to obtain an insight into free-radical attack on the
bonds adjacent to peptide linkage. The results of
study on the kinetics of Ag(I)-catalysed oxidation
of some amides such as dimethylformamides, for-
mamide, acetamide and propionamide" by S20~- ion
in aq. medium are presented in this paper. On the
basis of comparative kinetic data a suitable reaction
mecahnism for the oxidation of amides has been
proposed.
Materials and Methods
All the chemicals used were of an alar grade and
the experimental technique followed was similar
to that described earlier",
Results and Discussion
All the reactions showed first order dependence
with respect to [S2<>:-]and [Ag",] and zero order with
respect to [amide]. However. the first order rate
constant (k) decreased with increasing [S20~-J and
followed the relationship (1).
-log k = m+n[SzOtJo ... (1)
where m and n are the constants for a particular
amide; their values for different amides at 35° are
recorded in Table 1.
The specific rate increased with increasing [amide]
and followed the expressions (2-5) depending on the
nature of the amide used.
k = 1·3 X 1O-S+2·44 X 10-1[HCON(CHs)2Jo
k = 15 ·00 X 10-4.X [propionamide Jo
0·06+ [Propionamide Jo
k = l'Ox 10-3+2,33 X 10-2[HCONH2Jo
and
k = 11·67 X 10'"4X [acetamideJo
0·18 +lacetamide Jo
Thus the specific rate attains a maximum value
at a high concentration in the case of acetamide and
propionamide, as has been observed in the peroxy-
disulphate oxidation of isopropanolt-". The.specific
rate has been found to be related to [Ag"] by the
expression (6).
k = ko+m[Ag+J
... (2)
... (3)
... (4)
... (5)
... (6)
TABLE 1- VALUES OF THE PARAMETERS m AND n IN
EQ. (1)
Reductant m n
Dimeth ylformamide
Formamide
Acetamide
Propionamide
2-15
2·13
3·29
3-48
25·00
28·5
5·00
53-33
667
INDIAN J. CHEM., VOL. 14A, SEPTEMBER 1976
TABLE 2 - VALUES OF ko AND m FOR THE OXIDATION OF
DIFFERENT A~UDES
Reductant ko (min-i) m
Dimeth yJformamide 1·7 X to-8 1·60
Formamide 1·0xl0-a 2·67
Acetamide 2·2x 10-& 0·20
Propionamide 1·4xl0-& 0·78
The values of ko and m obtained for different cases
a.t 35° are recorded in Table 2.
Effect of added salts - The effect of added salts
in each case was found to be negative Jand of the
primary exponential type. The reaction rate was
found to decrease with increasing [H2SO,] and the
specific inhibitory effect at constant ioric strength
for each reaction was in the order Kf>Na+>H+>
Zn2+.
Effect of added allyl acetate - In the case of
propionamide, the addition of even traces of allyl
acetate inhibited the oxidation of the amide as well
as the self decomposition of peroxydisulphate con-
siderably in the typical kinetic runs.
Stoichiometry - It was found that one mole of
S:aOt reacted with one mole of different amides
except in the case of formamide where two moles
of K2S20S reacted with one mole of the amide.
Energy parameters - The various energy para-
meters (AEt, ASt, AGt and AHt) for the oxidation
of amides by peroxydisulphate ion in the presence
of Ag(I) are given in Table 3.
Since the reactions were characterized by a
negative entropy of activation, (-ASt) and had
energy of activation (A£t) of similar order, it was
concluded that the primary steps involved in all
the four reactions should be the same.
Product analysis and reaction mechanism - In
each case the corresponding acid (spot-test) was
found as one of the products. Thus in the reactions
of dimethylformamide and forrnamide, formic acid
SIO~- + Ag+ ki~ Agl+ + 801- + SOl"" •.. (i)
k.
~ HCOOH + NHa ... (ii)
k-2
kak_1- ...•. HCOO. + H+ + Ag+ ... (iii)
k&
~ HSO~ + cOs ... (iv)
kG
~ CO2 + HSO' + SOr ... (v]
k.
~ NH. + Ag+ + H+ . .. (vi)
k.
~ HSOi + SOr + ·NH . .. (vii)
ke
~ ·NH + HSO. ... (viii)
k.- N + HSOr ... (ix}k10- N, ... (x)
HCOOH + Ag2+
HCOO·+ SOr
·NHa + Ago+
NH + SOi
N+N
Scheme 1- Probable steps involved in Ag(I)-eatalysed
oxidation of arnides by peroxydisulphate ion.
was detected during intermediate stages but not
after the completion of the reaction. However,
in the case of acetamide and propionamide, acetic acid
and propionic acid respectively were present through-
out the course of reaction. In the case of dimethyl-
formamide the other product identified was dimethyl
amine, which did not undergo oxidation under the
conditions employed. While in the other three
cases ammonia was identified as the amine com-
ponent. Srivastava and Ghosh'' have shown that
formic acid is oxidized to CO2 and H20 while
ammonia is oxidized to nitrogen as reported by
KinglO. The formation of nitrogen was shown by
passing the gaseous reactions products (after com-
pletly freeing it from ammonia) over heated
magnesium under nitrogen-free atmosphere when
MgaN2was obtainedt! which produced ammonia on
treatment with water. Thus it may be concluded
that in each case the amide first undergoes hydrolytic
TABLE 3 - DIFFERENT ACTIVATION PARAMETERS OBTAINED FOR THE Ag(I) - CATALYZED PEROXYDISULPHATE
OXIDATION OF AMIDES
k(a) Temp. am A (litre mole'< as~ e.u. aGt kcals aH~ kcals
(min-i) coefficient (kcals mole-i) sec'<) mole'? mole'?
DIMETHYLFORMAMIDE(b)
3·78 2·47 17-29 11·76 x 10' 23-68 24·05 15·56
FORMAMIDE(C)
3·79 2·33 15·94 12·60 x 108 28·12 24·04 15·56
ACETAMIDE(C)
0·456 2·11 14·38 12·14xl0· 37·35 25·60 14-19
PROPIONAMIDE(C)
0·914 2·39 16·76 12·01 X 10' 28·21 24·92 24·48
(a) k = kexpf[Ag+] (kexp is at 35°).
(b) [DimethyJformamide] = O·OIM.
(e) [Amide] = O·IM.
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decomposition, and the hydrolytic products are
then oxidized by the radicals generated in the
reaction medium. Based on the above findings
a general reaction mechanism (Scheme 1) for the
oxidation of amides, taking formamide as a typical
case, has been proposed.
It may be noted that the formation of Ag2+ was
also proposed by Bawn and Margersion-s and by
Srivastava and coworkers13-1S in the silver-catalysed
oxidation of other substrates by S20:- ion.
Applying the steady state treatment and supposing
steps (ix) and (x) to be very fast, the rate of con-
sumption of SaOr ionI. after making necessary
approximations, worked out to be:
-d [dS,aOtJ= k[SaO:-][Ag+]
• . .. (7)
where k is the experimental first order rate constant.
The expression (7) is in conformity with the general
kinetic behaviour, but does not explain the variation
of specific rate with the change in either S20i- or
amide concentration. Evidently, the mechanism
of Levitt and Malinowski17 for alcohol oxidation pro-
posed to account for the dependence of specific rate
on the concentration of S.O:- and the organic sub-
strate does not seem to be correct. This has also
been questioned by Wiberg18 on the basis of tracer
technique studies.
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